The synthesis of cauliflower mosaic virus (CaMV) was greatly affected by temperature. The optimum temperature for virus multiplication in turnip plants and their protoplasts was about 20 o C but that for the formation of viroplasm matrix was higher than 20 °C. CaMV multiplication ceased around 33 °C but was restored by reverting to 20 °C. The intensity of vein-clearing symptoms and of formation of viroplasm in turnip plants did not directly relate to the yield of the virus. In protoplasts, normal viroplasm did not seem to be formed and only accumulations of virus particles were observed. This result suggests that the viroplasm matrix was not required for CaMV multiplication.
Cauliflower mosaic virus (CaMV) is a small DNA plant virus (Shepherd et al., 1968) and its DNA has been considered as a potential vehicle for carrying foreign DNA into plant cells (Szeto et al., 1977) . Physical maps of the genome of some CaMV isolates have been constructed (e.g. Meagher et al., 1977; Lebeurier et al., 1978; Hull, 1980) . The complete nucleotide sequence of the circular double-stranded DNA of CaMV has been established (Franck et al., 1980; Gardner et al., 1981) . There are, however, few investigations of the CaMV replication cycle. Recently, Howell & Hull (1978) and Furusawa et al. (1980) reported on CaMV multiplication in turnip protoplasts. The protoplast system is likely to be useful for investigation of CaMV replication and for transformation of higher plants. This paper describes the influence of temperature on CaMV multiplication and on the formation of viroplasm in turnip plants and in their protoplasts.
Turnip plants (Brassiea rapa L. cv. Marubakomatsuna) were grown in pots containing vermiculite in a greenhouse controlled at 20 + 5 °C under natural daylight. When exact temperatures were required, turnip plants were grown in a growth-chamber using fluorescent light (15000 lux) for 16 h a day at the specified temperature. CaMV, obtained from Dr H. Tochihara (Institute for virus Research, Tsukuba, Japan), was purified by the method of Hull et al. (1976) with slight modification: the 7000 rev/min pellets of the fraction treated with Triton X-100 and urea were re-extracted by stirring overnight-in 5 M-urea at 4 °C. After low-speed centrifugation, the supernatant was centrifuged at 105 000 g for 90 min. The resultant pellets were combined with the pellets from the standard method and the virus was purified by sucrose density gradient centrifugation. This improved method gave twice the yield of CaMV in comparison with standard methods, the yield being about 10 mg/kg leaf tissue. Virus concentration was determined spectrophotometrically using an absorbance at 260 nm ~"260talcmhJ of 7"0 for a 0.1% solution (Hull et al., 1976) . Protoplasts were obtained from fully expanded leaves of 6-to 7-week-old turnip plants according to Furusawa & Okuno (1978) . Inoculation of protoplasts with CaMV was as described by Furusawa et al. (1980) . For electron microscopic observation, CaMV-inoculated protoplasts and tissue were fixed with 5 % glutaraldehyde and 1% osmium tetroxide solution. Samples were dehydrated and embedded in a Spurr low viscosity medium (Polyscience Co., U.S.A.). Ultrathin sections were examined in a JEOL 100B electron microscope.
Leaves of turnips at the two-to three-leaf stage were mechanically inoculated with purified CaMV (10 pg/ml) using Carborundum, and the inoculated plants were placed in a greenhouse.
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Short communications * Protoplasts were inoculated with 10/~g/ml CaMV together with 1 /tg/ml poly-L-ornithine and incubated for 96 h. (++), Contained many fluorescent areas per protoplast; (+), contained 5 to 10 fluorescent areas per protoplast; (+), contained small and few fluorescent areas per protoplast; -, not tested.
At 30 _+ 5 °C, vein-clearing symptoms were first detectable at 7 days after inoculation and the symptoms were observed in all plants at 12 days after inoculation. At 20 _+ 5 °C, the first appearance of symptoms was 4 days later than that of plants grown at 30 _+ 5 °C. Protoplasts were isolated from turnip leaves 7 days after inoculation and stained with CaMV fluorescent antibody. Small areas of fluorescent material were observed in small protoplasts, which seemed to be from phloem cells, from leaves grown at 30 + 5 °C; no fluorescence was observed in any of the protoplasts from plants grown at 20 +_ 5 °C. At both temperatures protoplasts isolated 24 days after inoculation contained large aggregates of fluorescent material and no differences in the number and size of fluorescent areas were observed. On the other hand, the yield of CaMV at 30 _+ 5 °C was about 1.5 mg/kg leaf tissue but that at 20 _+ 5 °C was about 10 mg/kg. This result seemed to be in contrast to the results of fluorescent antibody staining and of the time course of appearance of symptoms. From electron microscope observations, however, it was found that the number of virions in viroplasms (63 per/tm ~) in plants grown at 30 + 5 °C were much less than that (183 per/~m z) at 20 _+ 5 °C (Fig. la, b) , but the average size of viroplasms at 30 _+ 5 °C was larger than that at20 _+ 5 °C. At least 26 inclusion bodies were measured for each sample in different cells. If viroplasms are spherical, the number of virus particles per viroplasm at 20 _+ 5 °C is more than five times that at 30 _+ 5 °C. In order to determine the maximum temperature at which CaMV multiplied, turnip plants inoculated with CaMV were placed in a growth-chamber controlled exactly at 20, 25, 30, 33 and 35 °C. Below 30 °C, typical vein-clearing symptoms appeared 10 to 14 days after inoculation and about 90% of protoplasts isolated from these leaves contained fluorescent material. At 33 °C, there were no symptoms but fluorescent material was observed in a few protoplasts isolated from the leaves. At 35 °C, no plants showed symptoms and no fluorescent material was observed in protoplasts from such plants.
Turnip protoplasts inoculated with CaMV in vitro were incubated for 96 h at 17, 20, 25, 30, 33 and 35 °C and stained with fluorescent antibody. Most fluorescent material was observed at 20 °C (Fig. le) , and no multiplication of CaMV occurred at 35 °C. Below 30 °C, 50 to 80% protoplasts were infected as determined by fluorescent antibodies, while at 33 °C the percentage of infection varied in each experiment (Table 1) . The size and number of the fluorescent areas in protoplasts at 33 °C was less than those at lower temperatures. Inoculated protoplasts were incubated at 20 or 33 °C for 48 h, and then incubated for an additional 48 h after changing temperature from 20 to 33 °C or 33 to 20 °C. The percentage of infected protoplasts which were incubated at 20 °C for 48 h did not increase after the additional 48 h incubation at 33 °C. Little infection was shown in protoplasts incubated for the first 48 h at 33 °C, but the proportion of fluorescing protoplasts increased during the additional 48 h period at 20 °C. No difference in the percentage of infection or in the number of fluorescent areas per protoplast was observed between protoplasts incubated under the two changing conditions. Large masses of virus particles were found in turnip protoplasts inoculated with CaMV in vitro but normal viroplasm matrix was not observed in protoplasts incubated at 20 °C for 72 h (Fig. 1 d, e) .
Synthesis of CaMV was greatly affected by temperature and the yield of CaMV was not directly related to the degree of symptom expression and the size of viroplasms. The formation of viroplasms seems to be related to vein-clearing because in the early stage of infection viroplasms were observed only in phloem cells in the leaves showing vein-clearing symptoms, and because high temperature facilitated formation of viroplasms as well as appearance of symptoms but not virus multiplication. The highest temperature at which CaMV multiplied was below 33 °C but virus replication resumed on transfer to 20 °C, suggesting that some process of multiplication was temporarily blocked at 33 °C. From results of electron microscopic observations and of the number of fluorescent areas in protoplasts, it was estimated that under optimum conditions there were about 3 × 105 particles per protoplast. Rubio-Huertos et al. (1968) reported that CaMV particles were synthesized first and then dense materials accumulated around them to form viroplasm. The ratio of virions to matrix protein and the size of viroplasms varied with the combination of host and CaMV strains, suggesting that virions and viroplasm matrix are formed independently (Shalla et al., 1980) . In fact, in protoplasts we failed to find normal viroplasms. This suggests that the viroplasm matrix may not be necessary for virus multiplication. The matrix formation may be dependent on host metabolism because virus replication was suppressed at 30 + 5 °C but the production of viroplasm was not. The major viroplasm protein is coded by the virus genome (A1 Ani et al., 1980; Odell & Howell, 1980; Odell et al., 1981; Covey & Hull, 1981) , which also codes for coat protein (Franck et al., 1980) . Since temperature differentially affects the formation of viroplasms and the formation of virus particles, it could seem likely that the transcription of viroplasm matrix protein and of virus coat protein messages are under different control mechanisms. 
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